Microbial communities in water from Baltimore Harbor and from the mainstem of Chesapeake Bay were examined for sensitivity to mercuric chloride, monomethyl mercury, stannic chloride, and tributyltin chloride. Acute toxicity was determined by measuring the effects of [3H]thymidine incorporation, [14C]glutamate incorporation and respiration, and viability as compared with those of controls. Minimum inhibitory concentrations were low for all metals (monomethyl mercury, <0.05 ,ug liter-1; mercuric chloride, <1 ,ug liter-1; tributyltin chloride, <5 ,ug liter-) except stannic chloride (5 mg liter-'). In some cases, mercuric chloride and monomethyl mercury were equally toxic at comparable concentrations. The Chesapeake Bay community appeared to be slightly more sensitive to metal stress than the Baltimore Harbor community, but this was not true for all treatments or assays. For culturable bacteria the opposite result was found. Thymidine incorporation and glutamate metabolism were much more sensitive indicators of metal toxicity than was viability. To our knowledge, this is the first use of the thymidine incorporation method for ecotoxicology studies. We found it the easiest and fastest of the three methods; it is at least equal in sensitivity to metabolic measurements, and it likely measures the effects on the greater portion of the natural community.
Highly toxic heavy metals and organometals are common contaminants of natural waters (4, 11, 13) . Sources of these substances include industrial and domestic wastewater, atmospheric deposition, erosion, and even direct application, e.g., algicides and antifouling coatings. Research efforts have been directed toward determining "safe" levels of these substances which would not adversely affect the biota of aquatic environments.
One experimental approach has been to measure concentrations of toxic metals in a certain aquatic environment and then, by comparison with results of toxicity studies conducted with standard laboratory organisms, to predict toxic impact on the natural communities within that environment. However, it is uncertain that standard laboratory organisms will respond to toxic metals in the same way as species belonging to the natural community. In another approach, indigenous organisms are removed from their natural habitat and tested under laboratory conditions. The latter experimental design has been used to investigate responses of microorganisms to heavy metals (3, 24) . A serious problem with this method, which requires isolation and maintenance of the microorganisms on artificial media usually containing high nutrient concentrations, is that the toxicity tests are conducted under conditions bearing little relationship to the habitat from which the organisms were originally isolated.
A better approach is to investigate toxic effects of metals on intact microbial communities. However, if these communities are exposed to heavy metals in nutrient medium (10) , (i) the medium composition would be expected to alter the physiochemical equilibrium of the metal species compared to the natural water, (ii) only lethal effects can normally be observed, and (iii) the selectivity of the nutrient medium limits observation to only that small part of the microbial community that can be cultured under the chosen nutrient conditions.
From an ecological viewpoint, toxicity testing with microorganisms should be conducted under conditions as similar as possible to those existing in the natural environment. For example, the effective concentration of the toxicant may be a function of the community composition, organic carbon concentration, salinity, pH, and other variables. Only a few investigators have incorporated this rationale into their experimental designs. Albright et al.
(1) and Albright and Wilson (2) used the heterotrophic potential technique (16, 26) (7, 25) . The tracer method has been used by Sunda and Gillespie (20) (ICN) was added to each 10-ml sample contained in a 20-ml screwcapped polypropylene vial fitted with a polypropylene cup suspended from the interior surface of the cap. The cup contained a filter paper wick and 0.2 ml of hyamine hydroxide (New England Nuclear) to trap 14CO2 (12) . After incubation for 1 h at in situ temperatures, 0.3 ml of 0.4 N H2SO4 was injected through a silicone rubber-sealed port in the vial cap to stop activity and to liberate 14CO2 from the water. The samples were then shaken on a rotary shaker at 120 rpm for 1 h at room temperatrure to permit 14CO2 absorption. 14CO2 trapping efficiency was 86% by this procedure. The filter paper wicks were removed to scintillation vials for counting, and the cups were rinsed with several volumes of Aquasol.
Particle-associated radioactivity was collected from the acidified water and assayed as described above, except that the filters were washed with 5 ml of Nelson salt solution (14) of the appropriate salinity.
Preliminary experiments with untreated Chesapeake Bay water indicated that rates of glutamate incorporation and respiration were linear over a minimum of 1.5 h of incubation. Acid treatment of the water to remove 14C02 resulted
in a 37% decrease in particle-associated radioactivity compared with samples filtered immediately after incubation. This loss has been attributed to the release of unmodified radiolabeled substrate pools (8). Therefore, particle-associated radioactivity measured in these experiments likely represents true incorporation rather than accumulation of glutamate into intracellular pools (22) . Viability testing. The bactericidal effects of the metals and organometals on the culturable fraction of the microbial community were assessed as in the radiotracer experiments. Metal solutions or appropriate solvents were added to single 10-ml samples contained in polypropylene tubes. After 1 h of incubation at the in situ temperature, portions of each sample were diluted in bicarbonate buffered (pH 7.7) Nelson salts of the appropriate salinity. Appropriately diluted samples were then spread onto half-strength Nelson agar plates at pH 7.7 and in situ salinity. Colonies were enumerated after incubation for 10 days at 22 + 2°C. The data for these experiments are expressed as CFU. RESULTS Thymidine incorporation, glutamate metabolism, and CFU. Preliminary experiments indicated that thymidine incorporation, glutamate metabolism, and CFU were the same in raw water as in raw water with 100 ,ul of distilled water. Likewise, there were no significant differences between values for samples amended only with distilled water or ethanol at either sampling site (Table 1) . Control values for all parameters remained the same when measured before or after the 1-h time period required for the initiation of all the different metal treatments. Therefore, comparisons made between metal treatments and their respective controls are valid.
Thymidine incorporation, glutamate metabolism, and numbers of culturable microorganisms were uniformly higher in Baltimore Harbor water than in mid-Bay water (Table  1) . Turnover time of thymidine was threefold faster in Baltimore Harbor than in the mid-Bay and compared well with the threefold greater number of culturable microorganisms in the Baltimore Harbor water. On the other hand, glutamate metabolism was considerably higher in Baltimore Harbor than would be predicted from comparison of thymidine turnover and CFU between the two sites. The major difference was in the rate of glutamate incorporation. Glutamate incorporation and respiration by the mid-Bay microbial community represented approximately equal portions of glutamate metabolism (velocity of metabolism/velocity of incorporation, 2.1), whereas in Baltimore Harbor water, incorporation significantly exceeded respiration (velocity of metabolism/velocity of incorporation, 1.7). These results suggest differences not only in the composition of the two communities but also in their physiological state.
Toxicity of Hg and MeHg. The sensitivity of the microbial communities to added Hg at the two sites was approximately the same whether determined by thymidine incorporation or glutamate incorporation and respiration (Fig. 1A and B) . Thymidine and B). However, at the mid-Bay site, the Hg concentration required to kill the bacteria was more than 1 order of magnitude greater than that required to inhibit thymidine incorporation and glutamate metabolism. The addition of 50 jig of Hg liter-' reduced CFU by 50%. By comparison, in Baltimore Harbor 50% reduction in CFU occurred at 5 ,ug of Hg liter-1, indicating that the culturable portion of the community in Baltimore Harbor was much more sensitive to Hg than was the mid-Bay community.
The mid-Bay community was more sensitive to MeHg than was the Baltimore Harbor community with respect to thymidine incorporation and glutamate metabolism (Fig. 1C  and D) . For example, 1 ,ug of Hg liter-l as MeHg caused approximately a 50% inhibition of the Baltimore Harbor community, but an 80 to 90% inhibition of the mid-Bay community. At each site, thymidine incorporation and glutamate metabolism were nearly equally inhibited by MeHg.
Again, the CFU data indicated that the culturable portion of the Baltimore Harbor community was more sensitive to toxicant, in this case MeHg, than was the mid-Bay community ( Fig. 1C and D) . In contrast to Hg treatments (Fig. 1B) , the CFU parameter was nearly as sensitive an indicator of MeHg toxicity as were the radiotracer methods in Baltimore Harbor water. Although some differences in the toxicity of Hg and MeHg as measured by thymidine incorporation and glutamate metabolism were noted at the two sites, the magnitude of those differences was relatively small. Toxicity of Sn and TBT. Inorganic Sn was by far the least toxic of the metals and organometals tested; 5 mg of Sn liter-1 or more was required to significantly inhibit the microbial communities at either site ( Fig. 2A and B) . This concentration greatly exceeds tin concentrations measured in Chesapeake Bay waters (10) . In agreement with Hg and MeHg data, glutamate incorporation and respiration were affected similarly by increasing Sn concentrations. In contrast to all other data from both sites, thymidine incorporation in Baltimore Harbor water was a slightly less sensitive indicator of toxicity than was glutamate metabolism (Fig.  2B) . The 50% inhibition level for Sn in Baltimore Harbor water was about 2.5 times greater for thymidine incorporation than for glutamate metabolism.
In agreement with data for both mercury compounds, the culturable microbial community in Baltimore Harbor was more sensitive to Sn toxicity than was the culturable community in the mid-Bay. In the latter community CFU was a less sensitive indicator of toxicity than either thymidine incorporation or glutamate metabolism.
As in the case of MeHg (Fig. 1C and D) , the mid-Bay community was somewhat more sensitive to TBT inhibition of thymidine incorporation and glutamate metabolism than was the Baltimore Harbor community (Fig. 2C and D) . A concentration of 5 ,ug of TBT tin liter-' caused a 50 to 60% decrease in thymidine incorporation and glutamate metabolism in mid-Bay water, but only a 20 to 30% decrease in
Baltimore Harbor water. At both sites thymidine incorporation and glutamate incorporation were inhibited about equally by TBT. However, glutamate respiration was slightly less inhibited in Baltimore Harbor water than either thymidine or glutamate incorporation at all concentrations tested (Fig. 2D) .
TBT was clearly bactericidal in Baltimore Harbor water:
100 ,ug of TBT tin liter-' killed about 50% of the culturable microorganisms (Fig. 2D) . However, even the highest TBT concentration tested, 500 p,g liter-1, did not reduce CFU numbers in mid-Bay water. Although the greater metal tolerance of the mid-Bay culturable community was most striking in the TBT tests, this pattern was consistent for all four compounds. MIC. Table 2 lists the minimum inhibitory concentrations (MIC) for the four metals and organometals tested. Owing to the high sensitivity of the thymidine incorporation and glutamate metabolism measurements and the need to compare all the methods over the same concentration range, MIC values are often not defined precisely.
The differences in MIC between mid-Bay and Baltimore Harbor water were relatively small except for CFU measurements. Apart from Sn, differences in MIC determined from thymidine incorporation and glutamate metabolism data indicated that the Baltimore Harbor community was slightly more tolerant of the metals under the treatment conditions used. This trend was reversed for Sn effects on glutamate metabolism. In terms of MIC, CFU measurements suggested that the mid-Bay community was more tolerant to the metals than was the Baltimore Harbor community. DISCUSSION Plate count techniques and heterotrophic potential measurements have been used previously to assay metal toxicity to natural microbial communities (1, 10, 23 ). To our knowledge this is the first report of the use of [methyl-3H]thymidine incorporation for this purpose. As an indicator of toxicity, thymidine incorporation was as sensitive as glutamate metabolism and was far more sensitive than CFU measurements. Not only is [3H]thymidine less costly than 14C-radiolabeled substrates, but also the assay is more rapid and may include a larger portion of the exposed community than does the metabolic assay, which is dependent on the utilization of a single carbon and energy source.
In attempting to assay whole community responses to toxicant stress, a technique which measures the activity of the largest portion of the community should be employed. In the two estuarine pelagic environments studied, the community response curves obtained for glutamate metabolism and thymidine incorporation were similar. Thus, either the microorganisms that incorporated thymidine also utilized glutamate, leading to the observed similar responses, or the glutamate-metabolizing portion of the community mimicked the response of the entire community to metal toxicity. Fig. 1 and 2) Our data indicate that the MIC in the intact community was less than 5 jig liter-' for TBT and less than 5 mg liter-' for Sn. Singh and Bragg (17) reported that 2 mg of TBT liter-' inhibited amino acid metabolism in Escherichia coli by 50%.
In water disinfection applications, approximately 500 to 1,000 ,ug of TBT liter-1 was needed to inhibit Leginonella pneumophila (19) .
As little as 1 ,ug of Hg liter-' reduced metabolic activity of the Cheaspeake Bay and Baltimore Harbor communities by 50 to 90%, and 100 ppb was completely bacteriostatic (Fig.   1 ). In a freshwater pond 100 ppb of added Hg had no effect on CFU density and reduced glucose metabolism by only about 85% (1). Similarly, Singleton and Guthrie (18) found that in mixed freshwater and brackish water ecosystems 40 ,ug of Hg liter-' had no effect on culturable bacteria. The data presented here indicate that intact microbial communities in Chesapeake Bay are extremely sensitive to Hg. The actual MIC may be considerably lower than 1 ,ug liter-1, the lowest concentration tested (Fig. 1) .
Because the exposure environment can markedly influence metal speciation and toxicity (20, 21) , the quantitative relationships between metal concentration and community inhibition are somewhat uncertain. However, our data are conservative in the sense that the active form of an inorganic metal (usually the free ion activity) is less than the total concentration of that metal. Organometals are probably also toxic as the covalently bound free cation form and may exist in aquatic systems primarily in that state. Therefore, the MIC for organometals are also likely to be conservatively high.
At comparable concentrations (Fig. 1 
